There is a dose-effect relationship between doxorubicin and the incidence ofsymptomatic cardiac failure. It is generally thought that doses below 500-550 mg/m2 are safe but, when objective measures of cardiac function are used, it becomes apparent that degrees of cardiac failure occur at doses below this. We present here the case histories of two patients who developed very severe cardiac failure at cumulative doses well below 500 mg/m2 but who survived their initial cardiac illness due to aggressive intervention. In one case, the patient was successfully treated by orthotopic cardiac transplantation.
Introduction
Clinically evident cardiotoxicity following treatment with the anthracycline doxorubicin is well documented. It is dose related and usually develops after a cumulative dose of > 500 mg/m2 has been administered.' This side effect is becoming increasingly important as more patients with childhood cancers, leukaemias and lymphoma are cured by chemotherapy combinations that include this drug.
In this communication we question the notion of a 'safe' cumulative dose of doxorubicin by reporting two cases of severe dilated cardiomyopathy occurring in patients who had received cumulative doses that were within the 'non-cardiotoxic' range. One of these patients has received cardiac transplantation.
Case 1
A 51 year old Nigerian woman presented with a 2 year history of night sweats and massive lymphadenopathy in the left axilla and left supraclavicular fossa. In addition, there was a left pleural effusion and she was hypercalcaemic. She was a non-smoker and her blood pressure at presentation was 130/80 mmHg. Lymph node biopsy showed a high grade centroblastic B cell non-Hodgkin's lymphoma. She was classified as having bulky stage IIB disease and treated with combination chemotherapy, CHOP-methotrexate (cyclophosphamide 750 mg/m2 i.v. day 1, doxorubicin 50 mg/m2 i.v. day 1, vincristine 1.4 mg/m2 (2 mg maximum) i.v. day 1, methotrexate 250 mg/M2 on day 8 and prednisolone 100 mg/day p.o. days 1-5; cycle 21 days). Clinical and radiological complete remission was achieved after six courses and therefore two further cycles were given. Thus she received a cumulative dose of 400 mg/M2 of doxorubicin. Adjuvant radiotherapy was administered to the left axilla with fields well outside the cardiac contours to a total dose of 40 Gy given in 20 fractions.
Two months after completing chemotherapy the patient presented with a 3 week history of a flu-like illness, signs of biventricular failure and huge cardiomegaly. Electrocardiogram showed ventricular bigeminy with left axis deviation and echocardiography confirmed that both ventricles were enlarged with global poor contractility. A diagnosis of doxorubicin-induced cardiomyopathy was made and this was confirmed by endomyocardial biopsy. The patient was successfully treated with frusemide, nitrates and an angiotensin converting enzyme inhibitor; 5 months following the onset of cardiac failure the patient died of a cerebrovascular accident apparently disease-free from her lymphoma and without recurrence of her cardiac failure.
Case 2 A 14 year old girl of Ghanaian origin presented with a 2 month history of a 5 cm swelling in the right buccal mucosa. Biopsy of the lesion showed an embryonal rhabdomyosarcoma and staging investigations failed to reveal any metastases. She was treated with combination chemotherapy, VAC vincristine 1.4 mg/m2 (2 mg maximum) i.v. day 1, doxorubicin 50 mg m2 i.v. day 1, cyclophosphamide 600 mg/M2 i.v. day 1; cycle 7 days). Clinical complete remission was achieved after six courses and pathological complete remission was confirmed after the 8th and final course of treatment.
She received a cumulative dose of 343 mg/M2 of doxorubicin, allowing for dose reductions due to changes in her body weight. Other than two episodes of neutropenic sepsis, treated with standard antibiotics, chemotherapy was well tolerated.
Three months after completion of treatment she presented with dyspnoea and worsening exercise tolerance. Clinically, she had severe biventricular failure and her chest X-ray showed features compatible with a dilated cardiomyopathy. Despite intensive treatment with nitrates, angiotensin converting enzyme inhibitors, loop diuretics and digoxin she continued to be symptomatic and underwent orthotopic cardiac transplantation. Two episodes of rejection following transplantation were successfully treated with pulsed methylprednisolone. The patient is alive and well with no evidence of tumour recurrent 7 years after transplantation, athough she remains on cyclosporine and azathioprine daily.
Discussion
The anthracycline group of drugs are widely used in the treatment of acute leukaemias, lymphomas, embryonal tumours and solid tumours such as breast and small cell lung cancer. Neither of our patients had any risk factors for myocardial disease but both developed significant cardiac failure after cumulative doxorubicin doses of 343 and 400 mg/ mi.
The incidence of symptomatic cardiac failure secondary to doxorubicin administration is dosedependent, although it was underestimated by early studies.' Van Hoff et al. showed that the probability of developing congestive heart failure at a cumulative doxorubicin dose of300 mg/M2 was between 0.7 and 3.4%, depending on patient age, when the drug is administered on a conventional 3 weekly bolus regime. The probability rose to between 1.3% and 6.1%, if a dose of 450 mg/M2 was given, and rose steeply at higher doses.2 The mortality rate from doxorubicin-induced cardiomyopathy is around 20-30% and symptoms of cardiac failure begin 1-2 months after the treatment though the interval can be as long as 2+ years.3 4 The development of congestive heart failure after low doses of doxorubicin is associated with a number of risk factors such as older age, family history ofischaemic heart disease, abnormal pre-chemotherapy electrocardiogram, prior exposure to other cardiotoxic agents and previous mediastinal irradiation. 2, 4, 5 Invasive and noninvasive assessments of left ventricular function have been made in order to identify those at risk of developing cardiomyopathy after treatment with doxorubicin. Electrocardiography has been used as a screening method to detect early myocardial damage, but only nonspecific features are found and the changes often occur too late to be of clinical use.6 Radionuclide angiography shows a reduction in left ventricular ejection fraction after treatment with doxorubicin, the sensitivity being increased by exercising the subject.7'8 This technique can play a role in monitoring patients, although it is not universally available. The value of serial echocardiography to assess left ventricular function is unclear and remains to be fully evaluated; it was, however, used in both our patients to aid diagnosis. Subclinical impairment of myocardial function has been demonstrated in children treated with anthracylines, using post-exercise echocardiography, although the long-term significance of these findings is unclear. 9 Electron microscopic examination of endomyocardial biopsies is considered by many to be necessary for a definitive diagnosis of doxorubicininduced myocardial damage. Bristow and colleagues' found characteristic histological changes in 27 of 29 patients who had received more than 240 mg/m2 of doxorubicin although only seven patients had any clinical evidence of cardiomyopathy.
Three strategies have been suggested to overcome the problem of doxorubicin-induced cardiotoxicity. Firstly, the drug can be administered by slow intravenous infusion over periods of48 -96 hours. This results in significantly less clinical cardiotoxicity than conventional 3-weekly bolus injections and antimitotic activity is not impaired.'" Secondly, free-radical scavengers can offer partial protection against doxorubicin-induced cardiomyopathy if administered concomitantly with the drug. " Finally, newer anthracycline analogues such as epirubicin have been developed with a similar spectrum of activity but which cause less cardiotoxicity than the parent compound. '2 Both of our patients initially were managed by aggressive medical treatment but this failed in case 2 and she required cardiac transplantation. Cardiac transplantation for patients with a history of malignant disease has been successful,'3 but it has rarely been performed for doxorubicin-induced cardiomyopathy and there are less than a dozen reported such cases.'3"'7
Our cases demonstrate that life-threatening cardiac failure may occur after conventional 'safe' doses of doxorubicin. In patients with potentially curable malignancies, doxorubicin-induced cardiomyopathy should be treated aggressively, as though the cardiomyopathy were their only problem. These cases also highlight the current disquiet over the long-term cardiotoxic effects of doxorubicin as more children and young adults who have been exposed to this drug are cured. 
